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The western drywood termite, Incisitermes minor (Hagen), is one of invaded 
insect species, and was first reportecd in Japan in 1976. Since that date, 24 out of 
47 prefecture have been infested by I. minor. At present, there is no reliable 
market information on termite control and repaired of damage by I. minor in 
Japan because of relatively short propagation period that caused the little 
economic impact.  
With current pest management industry standard for detection/inspection and 
remedial treatment, it is hard to prevent drywood termite infestations for some 
reason including; 1) the lack of knowledge of foraging behavior and biological 
adaptations of drywood termites that involve survival in environmental stresses 
and 2) the high proportion of remedial intervention which only intends to kill 
drywood termites present at the time of application, whereas no preventive 
treatment which intends to stop or prevent reinfestation. Consequently, the 
drywood termite management should understand the foraging behavior and 
biological adaptations of drywood termites to provide a framework for improving 
efforts at detection and control when treatment is necessary. By extension, 
improvement and developments in the uses of remedial and preventive treatment 
which all aimed at minimizing detrimental side effects to structure and the 
environment. 
The two-in-one bandage system is the result of a nearly four-year investigations 
on an understanding of the foraging behavior and biological adaptations of 
drywood termites, as well as design and implementation effort, focusing on the 
developing an efficient and useful application system to improve control of 
drywood termites in local infestation and provide a competitive cost advantage to 
pest management companies and property owners.  
With the development of verifiable detection technology, numbers of studies 
revealed the foraging and nesting behavior of drywood termites that help to 
understand the feeding ecology. According to the CT scanning results obtained in 
Chapter 2, drywood termite foragers have distinguished foraging patterns based 
on the physical properties of wood during gallery construction, and foragers 
primarily excavate along the springwood towards the outer surface of the wood to 
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establish the primary and satellite chambers, followed by mainly superficial 
longitudinal expansion, and occasional lateral direction expansion. These unique 
foraging behavior of drywood termites aids the development and optimization of 
the application of remedial treatment using solid carbon dioxide as a chilling 
agent. 
Results in Chapters 3 and 4 add on to a literature developed in the 1990s and 
2000s dealing with the response of biological adaptations of termites to the 
environmental stress. The mode of action in killing termite using lethal low 
temperature involves the formation of ice crystals in the hemolymph that destroys 
cellular membranes give rise to the death. Therefore, termites regulate the body 
temperature by the temperature of the environment evolving a diversity of 
competitive biological adaptation to ensure the survival under environmental 
stresses in nature. In Chapter 3, we examined biological adaptations in 
physiological elements such as water relations, carbohydrate metabolites, and 
cuticular structure to determine how I. minor withstands low temperature stress 
and the results show that cold tolerance of I. minor was influenced by some 
physiological elements that included low body water content and hardened 
structure of the cuticle. Although trehalose is a cryoprotectant in one-piece-type 
termite species, the result of this study indicated that trehalose did not function 
as a natural cryoprotectant in I. minor. Consequently, the author was anxious 
about the key factors of physiological elements of termites against environment 
stresses, and the studies have been conducted in Chapter 4a and 4b. As a general 
rule, insects live in the arid/xeric environment have evolved to tolerance than 
those living in mesic/hydric environments. As demonstrated in numerous 
comparative studies of adaptations, the results from Chapter 4a show that 
biological adaptations influenced the cuticular resistance in desiccating 
conditions. From the analysis of the chemical taxonomy of cuticular hydrocarbons, 
which are often exposed to a desiccating environment in termites, I. minor 
possessed greater quantities of saturated (long-chain) cuticular hydrocarbons 
which indicate the effectiveness of the cuticular lipids in preventing desiccation. 
Another objective of Chapter 4a was to investigate the immediate effects of an 
atmosphere with experimentally induced high levels of carbon dioxide by 
sublimation of solid carbon dioxide on the dehydration of termites. In an 
artiﬁcially induced high CO2 atmosphere, the loss of body water from drywood 
termites increased, which led to increased rates of mortality. The results of 
Chapter 4b showed that carbohydrate metabolites, balancing of total body water 
and total lipids accumulate in R. speratus with a substantial decrease in 
temperature, with the effect being a slight enhancement in the cold tolerance of 
the species in all three contrasting locations. Within three contrasting locations, 
R. speratus populations in Kyoto had higher levels of carbohydrate metabolites 
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alteration, lower supercooling points, and lower lethal temperatures. The results 
of this study support the null hypothesis that trehalose did not function as a key 
role in the order of Isoptera as a physiological adaptation that ensures the 
survival under sub-optimal temperature.  
The results in Chapter 5 indicate that the thermal conductive properties are 
mainly dependent on the pattern of the growth ring itself at low temperatures. In 
a comparison of two different CO2(s) forms, it appears that CO2(s) snow increases 
the thermal conductive properties of the wood species tested. This phenomenon 
might be caused by the faster sublimation of CO2(s) snow which extracts the heat 
energy from the immediate surroundings resulting in extreme cooling compared 
with CO2(s) slabs. Chapter 6 presents the development of a two-in-one drywood 
termite control application that evolves into a remedial treatment using CO2(s) 
snow and preventive treatment, imidacloprid. Similar to the result from Chapter 
5, the effectiveness of the remedial treatment in a two-in-one bandage system was 
highly influenced by the microstructure of the wood and the dosage of the chilling 
agent. However, using polyurethane bandage system requires a much less chilling 
agent (1,200g CO2(s) snow) to generate the core temperature of timber achieved a 
lower than required critical thermal minimum in the first 3 h in the much larger 
volume of structural timber (0.0115 m-3). As a preventive treatment, the 
insecticidal activity evaluations performed in this study demonstrated that 
imidacloprid was effective in all three concentrations. The difference in the 
mortality data in this study indicates that there was a significant interaction 
between the dosage and the exposure time.  
This dissertation has presented a two-in-one bandage system, which combines 
of two or more treatment approaches with different mechanisms can cooperatively 
prohibit drywood termite eradication and prevention. Although this study shows 
promise for improved methods of control and prevention for drywood termites, 
there is potentially adjusting this new control technique/device to meet the needs 













- 4 - 















































要旨公開可能日：   年   月   日以降（学位授与日から３ヶ月以内） 
